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数对纳米粒子的粒径大小与尺寸分布的影响后，通过改变工作电流 I 和 Ar/He 流
量，我们最终获得了平均直径在 4~12 nm 之间可控的 ZrO2和 HfO2纳米粒子。同





























































Since the unexpected room-temperature ferromagnetism (RTFM) was found in 
undoped HfO2 thin film, research on the magnetic properties of undoped nonmagnetic 
metal oxide nanostructural materials became a research hotspot in field of magnetism 
and diluted magnetic semiconductor (DMS). However, the origin of ferromagnetism 
in such materials still maintains debatable without a consensus. Therefore, studying 
on the magnetic properties of HfO2 and ZrO2 nanostructural materials is of great 
academic and practical significance.  
In our work, the HfO2 and ZrO2 nanoparticle-assembled thin films were prepared 
through plasma-gas-condensation method by the nanoparticle (NP) beam composite 
deposition system which was devised by our lab. Based on the study of the effects of 
experiment parameters on the size and distribution of nanoparticles, we acquired HfO2 
and ZrO2 NPs with controllable particle size from 4 to 12 nm through adjusting the 
working current I and the flow rate of Ar or He gas. Meanwhile, X-Ray Diffraction 
results indicate that the as-prepared HfO2 and ZrO2 NP-assembled thin films present 
tetragonal phase which is rarely obtained by traditional synthetic methods. 
Owing to the high vacuum, organic-free and dry condition, the NPs prepared by 
physical vapor deposition are surface clean and contamination free, so the preparation 
method in our work is very suitable for studying the magnetic properties of 
nonmagnetic metal oxide nanostructural materials. The magnetic results of 
as-prepared HfO2 and ZrO2 nanoparticle-assembled thin films are paramagnetic which 
is different with ferromagnetic results found by many similar studies. For studying the 
effects of crystal structure, crystallinity and oxygen vacancy on magnetic properties of 
such materials, the HfO2 and ZrO2 nanoparticle-assembled thin films in effective 
thickness of 400 nm which average diameters are 7.1 nm and 6.3 nm were selected to 
anneal in different atmosphere. When annealing in Ar gas, the tetragonal HfO2 and 

















temperature, but their magnetic measurements remained paramagnetic unchanged. 
This indicates that magnetic properties of our samples are rarely affected by crystal 
structure and crystallinity. When annealing in reducing (mixed gas of 
Ar(95%)+H2(5%)) and  oxidizing (air) atmosphere, the oxygen vacancy 
concentration of HfO2 and ZrO2 increased or decreased accordingly, but the 
paramagnetic results were steady. This indicates that magnetic properties of our 
samples are rarely affected by oxygen vacancy concentration.  
After annealing at different atmosphere and temperature, HfO2 and ZrO2 
NP-assembled thin films with different crystal structure, crystallinity and oxygen 
vacancy concentration still maintain paramagnetic. It indicates that the paramagnetism 
of high purity HfO2 and ZrO2 NP-assembled thin films prepared by 
plasma-gas-condensation method is stable and rarely affected by the change of crystal 
structure, crystallinity and oxygen vacancy concentration. The paramagnetic result in 
our work is different with the ferromagnetic or diamagnetic one, also different from 
the magnetic property changed after annealing in some reports, this might be because 
magnetic properties of undoped nonmagnetic metal oxide nanostructural materials are 
related with their preparation method, and ferromagnetic results might have stringent 
demands on the morphology, defect types, concentration and distribution of such 
nanostructural materials. This provides a new experimental phenomenon and basis for 
the study on magnetic properties of undoped nonmagnetic metal oxide materials. 
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了铁磁性。例如，Coey 教授研究组于 2004 年在 Nature 上发表的关于 HfO2薄膜
的磁性研究中[17]提到，运用激光脉冲法（PLD）制备并沉积在蓝宝石和硅基片上
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